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Requirements 


1 . Explain the meaning of the following: ecology, environment, biosphere, 
ecosystem, plant succession, limiting factor. Give an example of 
each. 

2. With "the help of your counselor, pick an area of 10 acres* for study. 

3. Visit the area four times — 2 hours each time. Do this at different 
times, one day a week for a month; or if at camp, on four different 
days of the week at different times of the day. 

a. Record the temperature, precipitation, and wind. 

b. List the animals you saw, and tell what they were doing. 

c. List the plants you saw. 

d. Name the kinds of rocks and describe the soil. 

4. Write about your study area in 500 words or more showing: 

a. How the climate, topography, and geology have influenced the 
number and kinds of plants and animals. 

b. How the living and nonliving elements of the environment are 
interrelated. 

c. Why it is important that people understand this. 
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5. With your counselor, plan and carry out a project in one of the 
following: 

a. The effect of water-holding capacity of soil on plant life. The 
relation of plant cover to runoff. How both are related to the 
water and oxygen cycles. 

b. The influence of land plants on temperature, light intensity, 
wind velocity, and humidity. The influence of water plants on 
the water environment. How both land and water plants affect 
animal life. 

6. Make a report, in the form of a short talk to a Scout group, on what 
you did in requirement 5. 

7. Show you understand the following: 

a. The causes of water pollution. Tell what it does to rivers and 
lakes. 

b. The causes of land pollution. Tell what it does to the environment. 

c. The causes of air pollution. Tell what it does to the environment. 

d. How some chemicals get into the tissues of animals. 

8. Describe what you and others can do to help solve a local problem 
of air pollution, water pollution, or land pollution. 

9. Describe the duties of three professions in environmental science. 

•City Scouts may pick an area in a large park if a larger area is not available. 
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Environmental 

Concepts 


The word ecology has recently come into common usage. Your grand- 
father might not have heard the word at your age. He would not have 
known the words astronaut" or "lunar module" or “guidance computer" 
either. These are terms of the space age in which we now live. It is the 
space age and all that goes with it that have made an understanding of 
ecology very important to us all. 

The word comes from two Greek words, “oikos'' and “logia,'' that 
together mean "study of the home, or household.” As used today, 
ecology is the study of the interrelationships between organisms (living 
things) and their environment. 

An organism’s environment is made up of everything around it. Sunlight, 
temperature, air, soil, minerals, water, and other living things all may 
be elements of an organism's environment. All these elements work 
together to make life possible on earth. To understand how, let's look at 
some of these different elements one at a time. 


Plants 

Grasses and other green plants are the basic sources of food in the 
environment. Many animals depend on plants for food, because green 
plants do something animals cannot do. They are like factories, able to 
make food from raw materials they take out of the air, water, and soil. 

Green plants have a substance called chlorophyll in their leaves and 
stems. It's what gives them their green color. Chlorophyll enables plants to 
use the energy of sunlight to manufacture sugars and starches from 
water and from carbon dioxide found in the air. They store the sugars 
and starches in their leaves, roots, stems, and seeds, and animals may 
then eat these plant parts as food. 

The manufacturing process by which plants make food is called photosyn- 
thesis. During photosynthesis plants give off oxygen, which is necessary 
to the life of humans and all air-breathing organisms on earth. It’s esti- 


5 



mated that a patch of grass 25 feet square produces enough oxygen to 
satisfy the daily needs of one adult human. (An adult breathes in about 
30 pounds of air in a day.) An acre of healthy young woodland can 
pradiice.4. tons of oxygen a year — enough to keep 18 people alive. 

Billions of tiny plants that grow in the sea, called phytoplankton, also 
produce: oxygen in large amounts. Diatoms, tiny glasslike plants that 
ars found! in both fresh ar.d salt water, are so abundant that a gallon of 
:sss wafer may contain millions of them. Together the land plants and 
rtitepJhyrsrpankton produce. through the process of photosynthesis, about 70 
tpercsntru: heiirygen n :he atmosphere. 

Jto aP'iituu it- h«r imcortanr functions of manufacturing food and 
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releasing oxygen into the air, plants also do many other things. Tiny 
plants that live in the soil can break down dead plants and animals into 
simple elements that can then be reused by higher plants. Others can 
take nitrogen from the atmosphere and ‘‘fix’’ it for use as fertilizer. 

Plants also help to protect their environment. In heavy rains, grasses 
and other plants break the force of the water, slow its flow, and help it 
to seep into the soil rather than all running off. Runoff water may carry 
away valuable topsoil in a process called erosion. As the surface soil is 
gradually taken away, fields become less fertile and cropland may be 
destroyed if the erosion is not stopped in time. Forests and grass are 
the best natural soil protectors known. 
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Animals 


We may think of plants and animals as being very different types of 
organisms, but in many ways they are much alike. Both plants and 
animals are able to reproduce their own kind, and both have similar 
needs for food and water. While most plants are rooted to one spot and 
most animals able to move about freely, there are exceptions. Slime 
molds are plants, but they creep around. Many kinds of sea animals, on 
the other hand, such as the corals, are as tied to one spot as a tree 
rooted deep in the soil. 

Still, it’s not likely you will have trouble telling plants from animals, 
though you may be amazed at how many different kinds of animals 
you will discover once you start to look. Animals come in all sizes, 
from tiny, microscopic organisms like the amoeba to the great whales, 
largest of all living creatures. Some make their homes in water, some in 
air, some live in trees, some burrow in the ground. There is, in fact, 
almost no environment in which animals are not found. From the bitter 
cold of the polar regions to the oppressive heat of the tropics, animals 
make up an important element of the environment. 

There are many ways to classify animals to make it easier to describe 
and study them. For instance, some animals have backbones and some 
do not. Fish, frogs, reptiles, birds, and mammals all have backbones 
and are called vertebrates. Sponges, jellyfish, worms, mollusks, spiders, 
crabs, and insects are invertebrates, since they lack a backbone. 

To study the role of animals in the environment, it's especially help- 
ful to classify them according to how and what they eat. Some animals 
are herbivores and eat plants. This group includes rabbits, mice, squirrels, 
grazing animals like deer and cattle, seed-eating birds, plant-eating 
insects, and many others. Some animals are carnivores and eat other 
animals. These include hawks, owls, snakes, toads, spiders, predaceous 
insects, foxes, wolves, cats, insect-eating birds, and other predators. 


Sunlight 

We have seen the important role of sunlight as the energy source in 
photosynthesis. All life on earth depends on radiation from the sun, 
since green plants use this power to drive their food-manufacturing 
process on which the rest of life is based. 
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Sunlight is important in other ways as well. It provides the energy to 
evaporate water into the atmosphere. This water may form clouds and 
condense to fall to the ground as rain or snow, which again becomes 
part of the earth’s water supply. 

The earth is warmed by the sun to a temperature that has allowed 
many kinds of plants and animals to flourish on the planet. If the earth 
were too close to the sun, it would be hot, airless, and lifeless like 
Mercury. Too far away, and it would be a frozen, dead planet like Pluto. 

Air 

The air, or atmosphere, is a fragile layer surrounding the earth that 
shields and protects the planet. It shelters us from the fierce heat and 
cold of space. It carries moisture and many microscopic particles that 
filter out the damaging rays of sunlight. It burns up billions of meteors 
that strike it each day, turning them into harmless cinders before they 
reach the earth's surface. From the oceans, lakes, and other sources, it 
draws up water and distributes it over the planet's surface. 

The atmosphere is always moving, creating the wide variety of weather 
conditions on earth, from gusty winds to gentle breezes, and from 
droughts to downpours. It makes the daytime skies blue and the sun- 
sets spectacularly colorful. It carries the scents of flowers, and if it 
weren't for the air there would be no sound on earth, because sounds 
are carried by waves of compression moving through the air. Air also is 
a part of the soil, where it is needed for plant root growth and by the 
millions of tiny organisms that live in soil. 

Soil 

A few organisms spend most of their lives suspended in the air, and 
many spend their entire lives swimming in water. But most land organ- 
isms and many that live in oceans and lakes spend their time rooted in 
the ground or moving over its surface. The soil, therefore, is an impor- 
tant part of the environment for many creatures. 

There are many different kinds of soils, and they vary in depth, 
physical makeup, and origin. If you were to slice down through the soil, 
you would see a series of horizontal layers. The next time you're 
traveling by car and pass an area where the road has been cut through 
a hill, stop and look at the layers revealed by the cut. 
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Soil Profile 


Most soils have a layer of decaying plant litter on top. The next layer 
usually contains large amounts of decaying vegetation and plant roots, 
is dark in color and contains a lot of air in the pores between soil 
particles. Beneath this topsoil is a layer of subsoil, which has fewer 
plant roots growing in it and is lighter in color. Beneath the subsoil are 
layers of parent rock, which is broken down by weathering into soil 
particles. 

Most soils are made up of mineral particles, organic (plant and animal) 
matter, water, dissolved chemical compounds, and air. The sizes and 
kinds of mineral particles are different in different kinds of soil. Some 
soils are mostly made up of gravel and rock fragments, some are 
sandy, some are finer in texture and contain a lot of very small parti- 
cles called silt and clay. Sandy soils have many air-filled spaces, but 
since water quickly drains through them many kinds of plants cannot 
grow in them. Soils with a great deal of clay hold water so tightly that 
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the air spaces become filled with water, and few plants can grow in 
such waterlogged soils. Most plants grow best in soils of the type 
known as loams, which have fairly large amounts of each size of 
particle, including clay, silt, fine sand, and coarse sand. Loam soils have 
good drainage and many air-filled spaces that are needed for healthy 
plant root growth. 

Loams usually also contain a lot of organic material, mostly decaying 
vegetation. Organic matter in soils makes them loose and easily worked, and 
it is a source of such important mineral elements as nitrogen and 
phosphorus, which are needed for good plant growth. Organic matter 
increases the amount of water a soil can hold, and also supplies food 
for the tiny soil plants and animals. 

The tiny spaces, or pores, found between soil particles hold water 
and air. Soil water, absorbed by plants through their roots, contains 
small amounts of dissolved minerals and salts that are needed by plants 
for growth. The soil's organisms also use the air and water held in the 
pores. 

The soil may be thought of as a biological laboratory, home to mil- 
lions or billions of plants and animals. Organisms as large as rodents, 
worms, and insects live there, and so do tiny bacteria and fungi. They 
all work to break down plant and animal residues, releasing important 
nutrient elements that make the soil more fertile. 


Water 

In all its forms— as moisture in the air, or as rain and snow, as moving 
streams and rivers, or quiet ponds and lakes, or surging waves beating 
against the seashores— water is the essential ingredient of life on earth. 

Plants, the basic food source, must have water to live. Plant seeds 
need moisture to germinate. Plant roots absorb water, which carries 
minerals and chemical compounds from the soil to the plant's stems 
and leaves. A single corn plant can use 450 pounds of water in its 
lifetime, keeping about one percent and giving off the rest into the air. 
That process is called transpiration. Transpiration from plants and evapora- 
tion from oceans, lakes, and other open bodies of water return mois- 
ture to the atmosphere as water vapor. 

Water is essential to animals as well as to plants. No animal, human 
or otherwise, can live long without water, which makes up a large part 
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“‘d 6 en t V,r0nm f nt " tied t0 -st. Plants, animafs, sunligt, 
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ke sugars and starches. Herbivorous animals like the deer 
shown eating tree leaves on page 15 get the carbon that the plants 
have stored. Carnivores may eat the herbivores and then the carbon 


Wafer Table 


passes into their bodies. Eventually, plants and animals die and other 
organisms, called decomposers, break down the bodies and release the 
carbon back into the atmosphere, where it is once again available for 
plants to use. 

There are many such cycles in nature. The hydrologic (water) cycle is 
sketched on these pages. The next time it rains or snows where you 
live, try to trace in your imagination the possible paths the water can 
take on its cycle back to the atmosphere. Is there a creek or river near 
your home? Some of the water will run into it and eventually find its 
way to the ocean, where it may evaporate back into the air. The water 
falling on your front lawn may be used by the grass and released into 
the air through transpiration. Some of the water may percolate, or 
seep down through the soil and become ground water. 

Many cycles are harder to follow, but by studying the sketches of the 
carbon cycle, hydrologic cycle, and nitrogen cycle in this chapter you 
should begin to understand how materials are recycled in nature. 
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CARBON CYCLE 



Understanding how these cycles work in an important part of ecology, 
because problems often arise when the cycles are broken. Let's look at 
a warmwater lake as an example. 

The lake’s natural cycles can be disrupted through the addition of 
sewage or other foreign materials to the water. Minerals and chemicals 
in sewage or runoff from farmlands can add greatly to the richness or 
productivity of the water, and cause plants such as algae to grow rap- 
idly and densely. 

As the layer of algae grows thicker, sunlight can't reach as far below 
the surface of the lake, and the lower layers of algae may die. Oxygen 
is used up in the process of decay, and as the dead algae decays so 
much oxygen may be used up that there won’t be enough left for the 
fish. Without oxygen the fish will die, all because a foreign substance 
upset the lake's natural cycles. 

As another example, let’s look at what can happen when a pesticide 
or poison gets into a lake. DDT, now banned, was once among the 
most common pesticides, widely used to kill flies, mosquitoes, caterpillars, 
and other annoying or destructive insects. But DDT was washed into 
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streams and lakes by runoff from land where it was sprayed. Tiny 
plants and animals that are food for larger creatures absorbed the 
poison. Aquatic insects ate the tiny water organisms, minnows and 
other small fish ate the insects, larger fish ate the minnows, and in this 
way DDT that was washed into a lake was passed up the food chain 
until every creature in the lake carried the poison. 

In lake trout, DDT accumulations in their bodies interfered with 
reproduction, causing many of the tiny fry (baby fish) to die soon after 
hatching. With no young trout to replace the older fish as they died or 
were caught, fishing in a contaminated lake was ruined. 

These examples show how important it is that people understand the 
interactions of living things with their environments. Knowing what 
may happen is the first step in avoiding possibly disastrous mistakes 
that could do permanent damage to the environment. 

Ecosystem 

A group of individuals of the same kind of plant or animal living 
together is called a population. All the populations of plants and ani- 
mals in an area make up a community. Communities of plants and 
animals together with their physical environments make up an ecosystem. 

For instance, sycamore trees growing in a woodlot are a population. 
All the plants and animals in the woodlot live together as a community. 
Add the physical environment— the sunlight, air, water, soil, temperature, and 
other elements of the surrounding woodlot— and you have an ecosystem. 
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ANIMAL FOOD CHAINS 



The biosphere is (he (hie film above the 
surface of (he earth and beneath the sea 
Where life exists. It reaches a maximum of 
370 feet over land, equal to the height of 
the tallest redwood tree. Underground it 
extends to the depth of tree roots It 


ends at snow line, the limit of Alpine 
vegetation. The upper 500 feet of the 
ocean is where most marine life exists, 
although some does live as far down as 
the ocean floor. 


Pon u ds ' ^ a ^ es ’ forests, grasslands, and deserts are each ecosystems, 
but they also are parts of larger ecosystems. All are linked to one 
anot er by wind, precipitation, running water, migrating animals, and 
o er actors through which the elements that make up each ecosys- 
tem can cross the imaginary boundaries between them. The entire 
earth is itself an ecosystem, since no part is completely isolated from 
e rest, he global ecosystem, however, made up of seas, land, and 
fresh water, is usually called the biosphere. 

n ^ b‘ os PhoT e contains all living things on earth and their environments. 
It forms a thin film around the earth, reaching at most only a few 
thousand feet above and below sea level. Except for energy, which is 
supplied by sunlight, the biosphere holds all the requirements for life, 
such as water, oxygen, and nutrients, which are endlessly recycled 
through the various ecosystems. 

The path of energy through a community of plants and animals is 
called a food chain. The chain begins with the green plants that are 
producers for the community, changing carbon dioxide, water, and 
minerals into food, and releasing oxygen. Every food chain ends with 
the decomposers, the bacteria, fungi, certain insects, and other animals 
essential elements to the air, soil, and water. 
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FOOD CHAIN 



The links between the producers and the decomposers are often 
complicated. Plants may die and be broken down by the decomposers 
directly. Or plants may be eaten by herbivores, which are primary 
consumers. These are animals like cows, rabbits, and plant-eating insects. 
The herbivores in turn, may die and be broken down through decay. 
Or they may become food for secondary consumers such as carnivores 
(meat-eating animals), parasites, or scavengers. 


Plant Succession 

A sagebrush desert in Nevada, a pinyon forest in New Mexico, red- 
woods in California, a tail-grass prairie in Kansas or a short-grass prai- 
rie in Colorado, a beech-maple forest in New York or a spruce-fir forest 
in Oregon— each is a natural plant community that is the climax or end 
of a series of changes. Communities change in a more or less orderly 
pattern of succession. One type of plant is replaced over time by another, 
and eventually the fined or climax community is reached. 


PLANT SUCCESSION 
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A farmer's field is allowed to lie fallow. A crop of annual weeds grows 
on it during the first year. They weren't planted there— the seeds may 
have been in the soil already, or they may have blown in from another 
place or been carried there by birds or other animals. Many perennial 
(longer-lasting) herbs appear in the second year and become even more 
common in the third year. Soon, woody shrubs replace both the weeds 
and the herbs, and they may in turn be replaced by trees. 

Why the change? Why does succession occur? As a community of 
plants becomes established in an area, it tends to alter or change the 
area in such a way as to make it less suitable for itself. Each commu- 
nity in the succession in effect sows the seeds of its own destruction, 
while making the area more favorable for other types of communities. 
Weeds and herbs, for instance, may prepare the soil to support the 
growth of shrubs, but once the shrubs get established they shade out 
most of the weeds. Trees in turn, will shade out many of the shrubs. 

A look at a few of the many types of successional communities may 
help you to understand how these changes occur. Consider a northern 
lake, such as Lake Michigan, that is gradually receding from its shoreline. It 
leaves younger beaches and sand dunes exposed as the waters recede. 
The beach at first has no land life, because it is often struck by waves. 
Later, when the water has receded still farther, the same spot of beach 
is usually dry in summer but is sometimes washed by the waves during 
bad winter storms. It is a harsh environment and most plants cannot 
live there, but a few plants similar to those that live in deserts can grow 
on the beach in summer. 

As plants grow and die, they add some organic material to the sandy 
soil and make it suitable for other kinds of plants. Beach grasses move 
in, followed eventually by a cottonwood community. The trees grow on 
sand dunes that are partly held by grass roots but still shifting with the 
winds. 

The cottonwoods give way to a community of jack pine, juniper, and 
bearberry, where the soil has much more organic matter. The pine 
community, in turn, grades into a forest dominated by oaks. Eventually 
the climax community is reached, a forest of sugar-maple and beech 
trees growing in a rich, moist soil. 

Another type of succession is found in ponds. As soil washed from 
the surrounding land fills the pond, floating pondweeds such as water 
lilies may appear in the shallower water. They are followed by cattails 
and rushes, and eventually by grasses and perhaps trees as the pond 
dries up completely. 
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CLIMAX AREAS 








The kind of climax community that eventually will appear in an area 
is determined by climate, geography, the kinds of plants and animals 
found in the area, types of soil, wind patterns, and other factors of the 
environment. In the far northern parts of North America, Europe, and 
Asia the climate is cold, and the subsoil is permanently frozen. The 
major form of climax vegetation that has appeared there is called the 
tundra. The land looks like a gently rolling plain, with many lakes, 
ponds, and bogs. “Tundra" is a Siberian word meaning “north of the 
timberline." There are a few small trees on the tundra, but much of the 
ground is covered by mosses, lichens, and a few kinds of grass. A 
carpet of small herbs may cover the tundra during the brief, cool 
summers with brightly colored flowers. Reindeer, caribou, arctic wolves, 
arctic foxes, hares, and lemmings live there, and huge numbers of 
birds nest on the tundra in summer. Insects, especially flies, swarm 
over the land. 

South of the tundra, in both North America and Eurasia, is a wide 
zone of cone-bearing, or coniferous, forests called the taiga. Like the 
tundra, it is dotted with lakes, ponds, and bogs, and the winters are 
cold. But it has longer and warmer summers that allow the subsoil to 
thaw, and many kinds of plants can grow there. Conifers (including 
spruce, fir, and tamarack) are the most common large plants, and 
moose, black bear, wolves, lynx, squirrels, and many smaller rodents 
live there. 

South of the taiga are found many kinds of communities worldwide. 
In the Northeastern United States another kind of forest, a broadleaf or 
deciduous forest, grows. The climate is temperate, with abundant rain- 
fall and fairly long and warm summers. Maple, oak, and hickory are 
the dominant trees in the northern hardwood forests. In the Southern 
United States pines are more common. Huge areas of the world, 
including the Central United States, are covered by grasslands. These 
areas have relatively low annual rainfalls (10-20 inches) or uneven 
seasonal rains that make them mostly unsuitable for forests but able to 
support often luxurious growths of grass. Grasslands around the world 
usually are dotted with large herds of grazing animals like pronghorn 
antelope in the U.S., and populations of burrowing animals such as 
prairie dogs. 

In places where rainfall is low, often less than 10 inches a year, not 
even grasses can survive and deserts appear. Deserts often have searing 
heat during the days and bitter cold at night, because there is very 
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little vegetation to act as a “cushion” or moderator between the two 
extremes. Some deserts, such as the Sahara, are nearly lifeless, but 
most support scattered drought-resistant shrubs (sagebrush, creosote 
bush, and mesquite) and cactus-like plants that can store water. Snakes, 
lizards, a few birds such as the roadrunner, spiders, and insects make 
their homes in the deserts of the Southwestern United States and the 
Great Basin. 

Tropical areas with abundant rainfall are usually covered by tropical 
rain forests. The numbers of plants found in tropical forests is enormous. A 
hundred or more kinds of trees can live there, and their interlacing 
tops make thick canopies through which very little sunlight passes. At 
ground level, a tropical forest is a dim, wet, nearly windless place. So 
different are the environments of the different forest layers that many 
plants and animals occur only in the canopy, others only in the middle 
layers, and still others only on the forest floor. 


Wild Animals 

When you think of the parts of the average human home, you have a 
good idea of what wild animals need to live successfully and maintain 
their populations. 

First, animals need a “dining room,” a place near their den or nest 
where there is enough of the food and water they need. Next, wild 
animals need protection. They need a “bedroom” where they are safe 
from their enemies and where they and their young are protected from 
the heat of summer or the cold of winter. 

They also need a living room,” space to move around in. Some 
animals need more space than others. Some, like meadow mice, live 
their entire lives on a quarter of an acre or less while others, like foxes, 
roam for miles. 


Carrying Capacity 

The extent to which the environment supplies these basic needs of 
food, water, shelter, and living space determines the carrying capacity 
of the area. This means that any given area can supply the needs of 
just so many animals. When the populations of animals grow larger 
than that area can support, the surplus animals must leave or die. 
Different areas, depending on such environmental factors as soil, 
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plant life, and climate, are different in their abilities to support animal 
life. Humans can affect animal populations by what they do to the land, 
water, and plants. There also are natural controls at work that limit the 
size to which animal populations can grow. The lack or shortage of 
food, water, cover, or living space becomes a limiting factor because it 
limits the kinds and numbers of animals that can live in an area. 

If a population were not subject to any limiting factors, it could grow 
very large. For instance, a pair of houseflies that started breeding in 
April could have 191 quintillion (191 followed by 18 zeros) offspring by 
August if all their eggs hatched and if all the young flies lived to 
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nonnH 8 Capa ^ lty ’. But if the >ake supports 4,000 fish of only one-half 
_ 6 ‘f* 16 ™ 60 are likely to be unhappy. They'll want big- 

ariincteH 1 *°° a ^ e and ma nagement, the population can be 

4 000 31 tfle f ' stl we >gh 5 pounds each. But now, instead of 

lake's r ' • 6re C3n ° n * y to ^ eep ,be tota l poundage within the 
lake s carrying capacity of 2,000 pounds. 

than'inl 3 *^' ardma * s tbat niainly eat plants produce many more young 
Droriiictinn nVll fu nment C0U ^ su PPort for long, and this apparent over- 
food chain Th 6 S ° Ur f e of food for the next group of animals in the 
in ami n t . 6re 3re ’ ° r ' nstance ' a g re at many more mice than foxes 
mice ,a th™ community where both live. The foxes eat the "extra" 
affected -rtf Tf 3 P°P u lation of the smaller animals usually is not 
fond and^h US ’ I f predators ' or carnivores, have a steady supply of 

' mi of a y P t0 k6eP the herb ‘ vores . or plant-eaters, within the 
ts of a community s carrying capacity for those animals. 
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Your Study Area 


The area you and your counselor select for you to study could be 
forest, field, lakeshore, desert, pasture, or any one of a number of 
different environmental types. Your study area will be most interesting, 
however, if it contains more than one type of plant community. The 





Desert City Pork 
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edge of a wooded area, where field and forest meet, is likely to have 
more kinds of plants and animals than either the forest or field alone 
i would have. The edge of a swamp or the land around a lakeshore will 

support a greater variety of plants and animals than an upland area of 
the same size. If you choose to study an area in a city park, try to find 
one with a variety of trees and shrubs and one with a stream or lake, if 
possible. 

An acre is about the size of a football field. Your study area should 
t be about 10 acres, which is an area 660 feet on a side, if the area is 

I square. But your area doesn’t have to be square; it can be almost any 

shape depending on the features of the land, 
j Visits to your study area can be made at any time. They will be more 

I interesting if you extend them over several months so you can see 

changes brought by the seasons. 

Making a Map 

Your field study will be easier if you first make a map of the area. It 
doesn t have to be fancy, but it should be detailed enough to show the 
areas major features and to identify the things you'll refer to in your 
written report. Take the time to do a thorough job of gathering information 
for your map and then actually drawing it. 

The illustration on page 29 shows a map of an imaginary study area 
that will give you an idea of the kinds of information you’ll need. Your 
map, of course, may look nothing like this one. If your study area is in 
the Great Plains, your map would show a flat to very gently sloping 
terrain instead of the hills shown by the contour lines on this map. In 
New England, the map might show steeper hills, rock outcroppings, 
and lots of woodland. In the Southwest, rolling hills, sparse grass, 
sagebrush, cactus, and maybe cottonwood in a draw would appear, in 
parts of the Southwest, your map will show mountains and deserts. In a 
city park, it could show lawns, scattered trees, shrubs and hedges, 
flower beds, and paths. 

A word of caution if your study area is on private land, be sure to 
see the landowner and get permission before entering the area. Even 
on public lands like city parks, it will be appreciated if you stop by the 
park office and let them know what you are doing. 
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IMAGINARY study AREA 



SOIL KEY 

f rCAAV**- 
. CU*V 
. 1.0AM 
. SAND 
. MOCK 

■ MMX wme FENCE © ■ WHEAT FIELD 
CONTOUR S’ * PASTURE 

4>!/ U NE9 nn) « HW Finj>(ALFA^) 


’* LANE 



'-Corn fipld 
* v«r. crop (tomatoes) 


scale : 1 = 60 ' 

AREA location : 

STATE - NEW YORK 
County- n\onroe 
town- Hamlin 
size of AREA :- APPRO* - 9 ACRES 
Contour interval :— 5 " ' 

PATE MAP MAD* : 

*1 AP prepared &r : 
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Drawing the Map 

Your map should be on a fairly large sheet of drawing paper to make 
it easier to draw and record information, and clearer to read and 
understand. It should be mounted on a smooth flat surface. Use a 
drawing board, if possible, and attach the paper to it with cellophane 
tape rather than thumbtacks. 

Since you wont want to carry your drawing board into the field to 
draw your map, you will need to take detailed notes and sketch differ- 
ent features of your area before sitting down to complete your final 
map. Take note of where fences, hills, ponds, streams, woods, pastures, 
fields, and other features occur in your study area. You can estimate 
the distances between objects by stepping them off, remembering that 
one good stride is about 3 feet. Use your compass to determine what 
direction fences, streams, tree lines, and other boundaries run. Note 
where pine trees, hardwoods, shrubs, and other plants are growing 
together in clumps or fields, and other areas where vegetation is thinner, as 
on bare rock outcroppings. Repeat your observations, measurements, 
and note-taking as you move away from your study area's boundaries 
and enter its interior. 

Before recording any information on your map, you'll need to decide 
on a scale. A scale is the ratio between the actual distances on the 
ground and the length of lines or spaces used to represent them on a 
map. You will have to experiment a little to find the largest scale you 
can use and still get all of your area onto the drawing paper that will 
be your map. The scale of the imaginary study area map is 1 inch = 60 
eet, and thats the form you should use to show your scale: 1 inch 
equal to however many feet works well for you. 

After determining the scale, plot onto your map the compass bear- 
ings you took in the field. Draw in the fences, hedgerows, streams, or 
other boundaries of the area. Indicate other physical features on your 
map, using the distances you stepped off in the field and your map 
scale to place them properly. Sketch in bodies of water, vegetation 
types, and hills. 

To estimate the slope of hills in your study area, you’ll need to 
measure the percent of slope and apply the percentage to the distance 
over which the land slopes. To do this, take a 50-inch-long straight stick 
(a 2- by 2- by 50-inch board is good), a yardstick and a small level into 
the field where the land slopes. Place one end of the board on the 
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slope, put the level on the board and raise and lower the downhill end 
until it is level. Then place the yardstick upright between the ground 
and the downhill end of the board and measure the distance to the 
nearest inch. 

To get the percentage of slope, multiply the number of inches by 
two. Let's say the distance from ground to board is 10 inches. 10"x2"=20". 
Therefore, it is a 20-percent slope. Do this on one or two sloping places 
in your area to get the idea, and estimate the slope of other places. The 
contour lines of the map on page 29 show how to draw hills and slopes 
on your map, using curving or circular lines with elevation written in 
as feet. 

Use symbols such as those shown on the sample map to represent 
the physical features of your study area. Record these symbols on your 
map under the heading of “Legend." A map legend makes it possible 
for anyone not familiar with an area to look at a map and, by referring 
to the legend symbols, get a good idea of how things look and where 
they are located in the area. 

Good reference maps to familiarize yourself with standard symbols 
and their use are available from the U.S. Geological Survey— USGS 
maps, as they are widely known. You may be able to buy these maps 
for your area of the country from outdoor recreation equipment stores 
and some bookstores. If you can't find them, send for a map order form 
from the Map Distribution Center, U.S. Geological Survey, 1200 South 
Eads Street, Arlington, VA 22202. Your troop library or other local 
libraries may have them on file for you to look at as well. 

Finally, you should indicate the specific location of the study area on 
your map, give it a title, estimate its acreage, date it, and sign your 
name as the mapmaker. Have your counselor review your map for 
completeness. 
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STUDY AREA DATA SHEET 


(WEATHER) 

Observer (Your Name) (Your Address) 

Location of Study Area: 

State : 

County : 

Town : 

Any other location reference : 

Time of Observation (Date) (Month) (Year) 

Span of Observation (Time started) (Time finished) 

Weather Observations : 

Air Temperature: 

At time started 

At time finished 

(Observe and record here changes in air temperature 
en relative to time of day, location on area where 
en, cloud cover or clear, other factors such as 
quality of atmosphere— clear , smoky, misty, etc.) 

Wind 

Direction (blowing from what quarter) 

Velocity (light, moderate, strong) 

Precipitation 

None, light, heavy 

If any, notes on type— rain, snow, sleet, other 
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Visit the 
Study Area 


Each time you visit your study area, be careful to take detailed notes 
on the weather and on the movements and activities of animals in the 
area. If the time you spend on this study spans more than one season, 
there will be changes in plant life for you to observe and make note of 
as well. All the information you gather about the plant and animal 
communities and the physical environment in which they live will help 
in writing your final report. 


Weather 

Weather is an important element of the environment and, over long 
periods of time, has influenced the development of the ecosystem of 
which your study area is a part. You'll be observing weather only on a 
day-to-day basis as you make your visits to the study area, but if you 
were able to make daily observations for weeks, months, and years 
upon years, you would then be able to report on the climate. Climate, 
in other words, is simply the prevailing weather condition of a region 
averaged over many years. And climate, with its long-term effects of 
precipitation, temperature, humidity, winds, and sunshine, is important 
in determining the climax vegetation type of a region, as we saw in the 
earlier discussion of plant succession. 

Keep your weather observations in mind as you explore other parts 
of your study area. The types of ground cover— trees, shrubs, grass, 
aquatic vegetation; soil types; bodies of water; types of wildlife— all are 
affected by the region's climate. Ask yourself how these environmental 
elements reflect the climate's influence on the area. 

After you have made a record of the day's weather on your study 
area data sheet (see page 32), look a little closer and see what differ- 
ences in the weather you can find within the area. If the wind is 
blowing, take the temperature on the windward (the direction from 
which the wind is blowing) side of any woods or windbreaks, then on 
the leeward (away from the wind) side. Note the difference. If you find 
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it noticeably warmer on the leeward side, as it may well be, is there 
any difference in the number of plants or animals observed on one side 
or the other? Is there a greater variety of life forms on one side than on 
the other? 

The point is that weather, as a part of the environment, influences 
the way all living things act. 

Animal Activity 

The animal activity data sheet on page 35 suggests things to look for 
in your study area. Depending on the section of the country in which 
you live, your area type, and the season of the year, the animals you 
observe may be engaged in many different kinds of activities. 

If you are recording your observations in the spring of the year, for 
instance, you may see many birds among the shrubs and open fields 
that you wont see again later, because they will be migrating, moving 
from their wintering areas on the way to their nesting grounds. Other 
birds, residents of the area, still will be there for you to see later on. 

If there has been a blanket of snow on the ground through the 
winter, it may have melted away to reveal a network of trails through 
the matted dead grass. These will be the runways of mice that have 
been scurrying about beneath the snow all winter. Where are they 
now? Look closely, follow their trails, and chances are you will find 
they lead to burrows under old logs, hummocks of earth, rocks, or 
some other shelter. 

Summer is the growing season. The young of many kinds of wildlife 
will be coming to maturity, and you may see animals of all ages busy 
feeding on the new plant growth, fruits, and berries. 

In areas where the winter brings snow and cold, animals will be busy 
in the fall months preparing for the "lean” season. Mice, chipmunks, 
and squirrels may be seen storing food away; some animals such as the 
woodchuck will be eating as much as they can to put on a layer of fat 
before going into hibernation; birds may be seen flocking together 
before flying south. 

In the winter, especially in areas where it snows heavily, the tempo of 
animal activity slows, but it doesn’t stop. Much will be going on, and 
you will be able to read the record in the many different tracks across 
the snow. Small birds will be out in search of weed seeds, as will mice. 
You may also see the tracks of a fox that is out looking for the mice, or 
the marks where an owl swooped down and grabbed a mouse from 
above, leaving feather marks where its wings brushed the snow. 
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STUDY AREA DATA SHEET 


(ANIMAL ACTIVITY) 


Observer (Your Name) (Your Address) 

Location of Observation Area: 

State : 

County : 

Town: 

Other location reference (if any): 

Time of Observation (Date) (Month) (Year) 

Span of Observation- (Time started) (Time finished) 

Birds : List' known species observed and comment briefly 
on their activities — i.e., feeding, singing, nesting, 
incubating eggs, caring for young, etc. 

Mammals: List any observed and comment briefly on what 
sort of activity they were up to — i . e . , running for 
safety, feeding, caring for their young, etc. 

Beptiles and Amphibians : List those observed and comment 
briefly on what they were doing; where you found them. 

Fish: If a pond, open marsh, or lake shore is a part of 
your area, note any fish seen and their observable 
activities. 

1 Others: General comments on any insects and other small 
invertebrate animals observed, including nature of 
their activity, if you could tell. 
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Wherever your study area is, you will find wildlife, and if you observe 
carefully you will see many differences in their habits at different seasons. 


Plants — Topography — Soils 

You ve seen that various environmental factors have combined, over 
long periods of time, to make your area what it is. The geologic history 
of the earth dates back billions of years, and many events have had a 
hand in shaping the area where you now live. Your region may once 
have been submerged under an inland sea, or it may have been a 
floodplain of a prehistoric river, or it may have been battered and 
scarred by the advance and retreat of glaciers. 

If you live in an area with a temperate climate and abundant rainfall, 
then your region lies in one of the more agriculturally productive areas 
of the country. If you live in the Northwest, where the topography 
(surface features) is mountainous, you're in a younger area geologically 
than the Central Plains or the Eastern States. The land slopes steeply, 
the soils are fairly shallow, the streams are cold and fast-running, the 
land below the treeline is mostly forested, and the rainfall is variable. 

On the west slope of the western mountains, rains are heavy because 
water is squeezed out of the moisture-laden air as it rises up the slope 
of the mountains and cools. But on the eastern slope, rainfall is very 
light because all the moisture has been squeezed out of the air. If your 
study area has a north aspect— an area facing north— it probably has 
more plants and perhaps some different kinds of plants than a nearby 
area with a south aspect— facing south. 

These are a few of the variables, or differences, in environments that 
determine the types of soils, plants, and animals found in an area. Soil 
and water are basic factors in determining the nature of an area. Soils 
that have formed from lands that were once under water usually are 
deep and rich, but soils forming on rocky outcrops or steep slopes may 
be too shallow to support much plant growth. And just as the type of 
soil in an area influences the plant life that will grow there, the nature 
and variety of the plants influences the kinds of animals that make 
their homes in the area. It's what we've been discussing all along— all 
parts of the environment work together to create and support the 
ecosystem. 

Record your observations of the plants, surface features, and soil 
types of your study area on a data sheet like the one on page 37. Much 
of this information should be included on your map of the area as well. 


36 


STUDY AREA DATA SHEET 
(PLANTS — TOPOGRAPHY — SOILS ) 


Obs erver ( Your Name ) ( Your Addr e s s ) 

Location of Study Area: 

State : 

County:- 
Town : 

Any other location reference: 

Time of Observation (Date) (Month) (Year) 

Span of Observation (Time started) (Time finished) 

Ground Cover: With reference to your field map of 
the study area, describe the type of growing plant 
cover — wood areas, shrub areas, weeds, grass, sedge 
or rushes, barren areas, cultivated fields, water 
areas, any others. Key or locate your comments and 
descriptions by use of appropriate symbols on your 
ma P* (See Imaginary Study Area map with legend, page 
25.) Include in your comments here the nature of the 
plant cover; that is, if there are woods, are they 
hardwoods? conifers? mixed? what species? Does 
plant growth reflect the time of year? If so, how? 

Topography: Describe how your study area lies — is 
it flat or does it have pitch or slope? How much? 

This can be shown by contour lines on your map. 

Soils : What is the general soil characteristic of 

your area? Is it sandy, rocky, gravelly, or stony? 

Are there rock or boulder outcrops? Are there differ- 
ent soils in different parts of your area? Describe 
briefly and key your observations in with references 
to your area map. Locate observable soil, types by 
use of symbols (see map illustration, page 25). 
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The Written Report 


Before writing your report, review what you have learned about the 
meaning of ecology, what the biosphere is, and what makes up the 
ecosystem of your study area. Think about the relationships among the 
many parts of an ecosystem that limit the types and abundance of 
plants and animals that live there. Consider how these limiting factors 
determine an area's carrying capacity. 

Next, review the notes you made on your study area, concerning its 
plants, weather, climate, animals, geology, soils, and topography. Refer 
to the comments in the preceding pages about the influence of climate, 
topography, geology, and other factors on your area, how they all work 
to make the area what it is. 

Describe in your report how you think all these environmental fac- 
tors have influenced the numbers and kinds of plants and animals 
found in your area. Give examples to show how all elements of the 
environment are interrelated. 

Finally, think about how humans fit into the picture. What evidence 
did you see that people have helped or hurt the area? Were there signs 
of air or water pollution, litter or topsoil destruction (erosion)? Include 
your observations concerning human activity in your final report. Humans 
are a part of the biosphere, and we play an important role in the 
balance of nature. People can have far-reaching effects, for good or ill, 
and its essential that any environmental study take into account the 
results of our actions. We are just as much a part of the environment as 
a fox chasing mice through a hedgerow, or a deer nibbling leaves in 
the woods. The only difference is that we now have the power to 
change the environment in ways no living thing has ever been able to 
before. It s a tremendous responsibility, and we all need to be aware of 
our role in the delicate interrelationships of nature. 

Summarize your findings and conclusions in 500 words or more, and 
have your counselor review your report. 
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Environmental 

Projects 


Water-Holding Capacity 


For this experiment you will need the following equipment: 

Two cans (empty coffee cans work well) 

Two pieces of clean cloth about V /2 feet square (pieces cut from an 

old sheet are fine) 

Two foot-long pieces of strong string fin two different colors, if possible) 

Household scale 

Notebook or clipboard for taking notes 

A 3- or 4-gallon bucket 

Soil to fill the two coffee cans 

Since the point of the experiment is to study soils that relate to the 
environmental factors we have been considering, you will have to pick 
your two soil samples carefully. You will need some topsoil, which as 
you know is surface soil rich in organic material, probably full of plant 
roots, and likely dark in color. Look for it beneath the grass in a 
pasture, or close to a fencerow. 

The other sample should be from an area subject to erosion, overuse 
by heavy grazing, eroded paths, or intensive cultivation. These activi- 
ties cause a loss of topsoil, and leave the subsoil exposed. Look for 
dense, cloddy, usually light-colored subsoil in an overtilled field, along 
the sides of an eroded gully or a road cutback. 

Fill your coffee cans level to the top with the two soil samples. Spread 
out the squares of cloth on a level surface and place your soils on 
them. After the soils have had time to dry thoroughly, bring up the 
corners of the cloths and tie the tops securely with the colored twine. 
Note the color of the topsoil and the subsoil. 
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Place one sample on the household scale, read the weight carefully 
and record it on your note sheet. Place the second sample on the scale 
and record its weight. Now, fill the bucket about two-thirds full with 
water, and holding one of your samples by the cloth “neck” slowly 
submerge it in the water. Leave it under for several minutes (time it so 
you will know how long) until it is thoroughly saturated. Lift it out and 
hold it over the bucket until it's through dripping. Place it back on the 
scale and record its weight. 

Empty the water, refill the bucket to the same level, and repeat the 
same steps with the other sample. Be sure the second sample stays in 
the water the same length of time as the first. Lift it out, let it drip, 
weigh it, and record its weight as well. 

Now subtract the dry weight from the wet weight for each sample. 
What you end up with is the comparative weights or amounts of water 
the two soils can hold. 

Your results should show that the fertile, crumbly, organically rich, 
darker colored topsoil held more water than the more dense, cloddy, 
lighter-colored, organically poorer subsoil. Why? 

The presence or absence of organic matter influences the amount of 
water a soil can hold. A topsoil like that found beneath the grass in a 
pasture is subject to the accumulation of dead grass leaves and stems 
over the years, which decompose and add to the organic content of the 
soil. The humus (decayed organic matter) in the topsoil makes the soil 
like a sponge, full of tiny air spaces. It can soak up more water than an 
equal volume of dense, organically poorer subsoil can. And it can hold 
it for a longer time, which makes a tremendous difference to subsur- 
face water and the soil's ability to grow plants. 

Now let’s look at water runoff. For this experiment you will need two 
shallow wooden boxes about 12 inches wide by 18 inches long by 4 
inches deep. The two boxes must be identical in size, and watertight. 
Line them with foil or plastic material to make them hold water. In the 
center of one end of each box cut a V-shaped notch about 1 '/< inches 
deep and tack in a tin spout (see illustration on page 43). 

Cut a rectangle of grass-covered sod or soil to fit the length, width, 
and depth of one box. You can take this from your lawn or from a 
well-sodded pasture or range. For the other box you'll need an equal 
amount of the same soil (enough to fill the box nearly to the top), but 
without a grass top cover. 

Arrange the boxes side by side on a table with an inch-thick board 
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raising the backs so there is a slight pitch forward. Put a bench or two 
stools, covered with a plastic sheet or newspaper, beneath the project- 
ing box spouts. On this place two widemouth jars. Be sure to cover the 
floor under the bench or stools with plastic or newspapers as well 
unless you are doing this outside. 

Now you will need two watering cans holding 2 quarts of water each. 
Hold the cans over the boxes and pour, taking care that the cans 
sprinkle from equal heights above each box. 

The water will run off the sloping surfaces, draining through the tin 
spouts into the glass jars below. But it won’t do it at the same time, or 
in equal amounts or with equal clearness in each case. At first you may 
get no drainage from the grass-covered soil. When it does run off, the 
water will be relatively clear, while the runoff from the box without a 
grass cover will be muddy. 

Describe the setup of your experiment on your note sheet and add 
comments that occur to you about the meaning of what you have 
observed. Think of this experiment in relation to what happens in 
nature in your study area. Imagine a hard rain pouring down on the 
land, some of which may be protected by a top cover of grasses, 
shrubs, or trees, while other areas are exposed, perhaps cultivated, or 
bare and steeply sloped like the sides of a gully. Imagine your experi- 
ment magnified to the size of the area drained by the Mississippi River, 
and you can quickly see how important it is to protect the soil from 
erosion. The U.S. Soil Conservation Service has estimated that the 
Mississippi carries more than 500 million tons of sediment or silt into 
the Gulf of Mexico each year, much of it the result of soil erosion 
throughout the large area of the United States drained by the river. 

Plants slow water runoff, encourage seepage into the soil, and help 
soil to store larger amounts of water. In this experiment you have seen 
that muddy water drained off the barren earth into the glass jar. In the 
field the effect is just as obvious in looking at a stream that drains a 
poorly cultivated, barren hillside subject to soil erosion. The runoff, 
even after a light rain, will be muddy — loaded with silt from topsoil 
erosion. But a stream that flows through a wooded or grassy area will 
be clear, even if running high after a heavy rain. 

Erosion doesn t stop with muddy streams; they carry their load on to 
lakes, reservoirs, and river-mouth harbors. In the slower currents, the 
silt settles to the bottom, smothering aquatic plants and microorgan- 
isms that form the base of the food chain. 

These experiments again show the interdependence of all elements 
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WATER RUNOFF 






in the environment: how they support each other when they are in 
harmony and how easily they can be upset. You have seen how organi- 
cally rich topsoil can produce lush plant growth because it is rich in 
nutrients and can absorb and hold a great amount of water. This water, 
as you know, is the lifeblood of plants, for it carries soil nutrients in 
solution to the plant leaves where they are needed in the food- 
manufacturing process of photosynthesis. Also, water is returned to the 
atmosphere as vapor through small pores in the leaves in the process 
of transpiration. Plants also release oxygen to the air, which is essential 
to humans and all air-breathing organisms. 
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Influences of 
Plant Life 


A woodlot or any sheltering stand of trees, shrubs, or other plants 
that breaks the force of the wind will make the leeward side feel 
warmer in cold weather. In hot weather, plants provide shade from the 
suns rays that helps lower the temperature. 

These are but two examples of the effects of plants on the land 
around them. Plant life also influences light intensity. Chances are that 
you have observed this influence before, if you've ever walked from the 
open sunlight into the sheltering shade of trees. The degree of differ- 
ence m the light will vary with the thickness of the forest or woods, the 
maturity of the trees, and the amount of crown cover. A young woodlot, 
relabvely open at the crown, will let in much more light than will a 
mature forest with a closed canopy top. You will have no difficulty 
seeing the difference in light intensity at ground level, but if you wish 
o measure it accurately, use a photo light meter. Take a reading in the 
light on the open field. Then walk well into the woods or forest 
cover and take another reading there. Compare the two. Record your 
observations with metered data or describe the difference in your own 
words. 

Plant life also influences wind velocity, as you’ve observed in compar- 
ing conditions on the windward with the leeward side of a stand of 
trees or other plants. Wind is simply air in motion, so anything stand- 
ing in the wind’s “path” will slow that air down. The ability of plant 
cover to block or slow the velocity of air in motion is used by farmers 
and homeowners everywhere. Long rows of trees planted at right angles to 
the prevailing winds will shelter crops, livestock, and houses, and will 
help to keep topsoil from blowing away. 

, ^ ant !/. nd . humidity (moisture in the air) go together like bread and 
u er. This is especially noticeable walking into a greenhouse, which 
can feel almost like walking into a steam bath. You can feel the air 
saturated with moisture. This moisture comes through tiny pores in the 
plants leaves in the process of transpiration. The more plants growing 
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in an area, the more moisture given up to the atmosphere and the 
higher the humidity. Tropical areas near the equator where plants grow 
abundantly are naturally more humid than desert lands where plants 
are scarce. The humidity is higher also in the wooded states of the 
Eastern, Northeastern and Northwestern U.S. than it is in the Midwest. 
The return of water to the atmosphere by plants through transpiration 
is a vital link in the hydrologic cycle. It results in higher annual precipi- 
tation in areas where more plants grow. And it’s estimated that about a 
sixth of all water available for recycling on the earth goes through the 
transpiration process. 

You can show how water leaves a plant through transpiration by a 
simple demonstration. Get a small potted plant, like a geranium or 
small fern, that can be covered with a glass jar. Cover the soil with 
aluminum foil or plastic wrap to prevent water from evaporating from 
it. Then cover the plant with the jar and place it in a spot out of direct 
sunlight for a couple of days. The inside of the jar should soon become 
beaded with water drops that have condensed from the water vapor 
that left the plant through its leaves. 

Plants influence life in the water as well as on land. You’ve seen that 
plants have an important role in controlling erosion and reducing silt- 
ation of streams, lakes, rivers, and other waters. They also influence 
water temperatures, which affects the kinds of animals that live in 
those waters. As described in the section on natural cycles, aquatic 
plants such as algae may greatly affect the amount of sunlight that can 
’•each below the surface of a body of water. 
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Pollution 


Water Pollution 

Water pollution is the addition of foreign materials, chemicals, compounds, 
or any substances that reduce water’s cleanliness or purity or adversely 
alter its relationship with other elements of the ecosystem. 

Not all materials added to water can be considered pollutants. Silt- 
ation of streams, rivers, and lakes has been going on for eons in nature, 
and in the process much of the world’s most fertile soils were formed. 
The action of water on rock is an important factor in the creation of 
soil, and the movement of that new soil from mountain heights into the 
plains and river valleys by running water has provided the rich soils 
that support the world’s agricultural production today. Our agricultural 
methods, however, have in many cases speeded up the siltation process 
by failing to protect croplands from erosion. 

Another type of human-created water pollution comes from the dumping 
of raw or inadequately treated sewage and other organic wastes. When 
there were few humans on the continent, sewage disposal into the 
nearest stream or river didn’t seem to matter. There was lots of water 
to dilute it, and there was no one downstream to suffer the consequences. 
Today (1982), there are 230 million Americans who stand to suffer. 

Improperly treated domestic sewage, a type of organic waste, may 
transmit a great variety of disease organisms, including those that 
cause typhoid fever, dysentery, and viral hepatitis. Water fouled with 
such wastes loses its recreational value. Few people would swim or fish 
in a river or lake they knew to be loaded with raw or improperly 
treated sewage. 

Pollutants of this nature also have an adverse, sometimes deadly, 
effect on aquatic plants, fish, insects, and the countless microorganisms 
that need oxygen to live. Organic pollutants use up oxygen as they 
decompose; sometimes so much oxygen is used up that none is left for 
plants and animals. So much waste of this type once was dumped into 
Lake Erie — one of the Great Lakes — that all the dissolved oxygen in a 
large part of the lake was used up. No fish or other aquatic organisms 
that need oxygen could live in wide areas of the lake. Today, thanks to 
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an interested public and an aggressive cleanup program, Lake Erie is 
well on its way back to health. 

As this example shows, many responsible people are concerned about 
water pollution and are doing something to solve the problem. Since 
the Clean Water Act was passed in the early 1970's, many U.S. rivers 
and lakes have become swimmable and fishable again. Pollutants are 
rarely dumped directly into water systems today. 

However, a new danger to our water supplies has arisen in recent 
years. Toxic wastes created by many modern manufacturing processes 
are leaking out of chemical dumps and storage sites and contaminating 
some of the nation’s underground water reserves. Ground water is the 
source of drinking water for about half of the U.S. population. Most of 
the damage caused by toxic wastes involves pollution of ground water 
from badly paced or poorly operated landfills and surface storage areas. One 
case on file with the Environmental Protection Agency concerns the 
water supplies of Toone and Teague in Tennessee. The ground water 
that was the source of water for the two towns was contaminated in 
1978 with toxic organic compounds leaking from a nearby landfill. 
Because the towns can no longer use the ground water, they must 
pump water in from other places. 

Many chemicals used in agriculture can also cause water pollution. 
Fertilizers such as nitrates and phosphates are applied to farmland to 
improve crop production. Some of the fertilizer may dissolve in water 
and seep through the soil into ground water or into streams, lakes, and 
the seas. It makes aquatic plants and algae grow just as it does crops. In 
many cases the addition of controlled amounts of phosphates and nitrates 
can be helpful by stimulating production in a pond or lake, but when 
too much is applied or gets into the water accidentally it can have 
disastrous results. A thick growth of algae may form, and when the 
bottom layers begin to die because they aren't getting enough sunlight 
then oxygen may be taken out of the water in such large amounts as 
the algae decays that not enough is left for other plants and animals to 
survive. 

Pesticides are other chemicals used in agricultural production. One of 
the best known is DDT, now outlawed. DDT is particularly harmful 
because it is a persistant (long-lasting) toxin and it can accumulate in 
the food chain, poisoning organisms throughout an ecosystem. During 
the time that DDT and other similar persistant pesticides were used, 
millions of pounds were sprayed worldwide to protect plants and human 
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health from harmful weeds and insects. No one knew at that time how 
long the material would last or how concentrated it could become in 
the bodies of many animals. Now we know it is a dangerous substance 
and no longer allow its use. 

The use of chemicals such as fertilizers and pesticides is important in 
producing the food and fiber needed by a growing population. When 
correctly applied, most chemicals can be used safely. Unfortunately, 
sometimes they are not used and applied correctly. This is true not 
only for agricultural producers but also for the rest of us. In using 
chemicals around the home, people often do not apply them according 
to the label instructions. And some people dump leftover chemicals 
down the drain, allowing the chemicals to enter our water system. 

The key to using chemicals wisely and safely is to make sure they are 
properly applied so that the amounts that reach our water courses are 
kept at acceptable levels. This can be done if people care and are 
careful. 

One other kind of water pollution involves the addition of heat instead of 
harmful compounds. This is called thermal pollution. Heated water is 
produced by nuclear power plants, which use controlled nuclear reac 
tions to heat water to make steam. The steam is used to turn turbines 
that generate electricity, an extremely important energy source for our 
society and economy. In the process, tremendous amounts o eate 
water may be produced. A large thermonuclear power plant may run 
250,000 gallons of water a minute through its cooling systems, raising 
the temperature of that water by as much as 20°F. If discharged directly into 
rivers, lakes, or the oceans, the heated water can interfere wit t e 1 e 
processes of aquatic plants and animals. Fortunately, this probem can 
be eliminated through the use of cooling towers and other methods 
that allow the water to cool before it is released into rivers or a es. 


Land Pollution 

Our earth, viewed from several thousand miles out in space, is a 
beautiful world. It glows in the light of the sun with blues and greens 
veiled in the drifting mists of our atmosphere. The famous Eart h r >se 
photographs brought back by the Apollo astronauts have pro a y 
done more than anything in the history of humankind to emphasize 
what a delicate and fragile thing our plantet is - a living Jewel sus- 
pended in the velvety blackness of space. 
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On the ground our world is still beautiful, but a closer look shows 
many places where human activity has left scars upon the land. Our 
villages have grown into cities, usually unplanned, which have sprawled over 
some of the world’s best farmland. The United States is losing a million 
acres of agricultural land each year to urban and industrial development. In 
the last 50 years, the country has paved over an area the size of all the 
cropland in Ohio. In the next two decades, it's estimated that another 
section of agricultural lands equal to the size of Indiana may be paved 
over. 

This loss of good farmland to urban use has been brought about 
largely because of population increases. The U.S. grew by more than 
23 million persons in the decade of the 1970's alone, and since 1920 
the population has more than doubled (from 106 million to 230 million). 
Most Americans live in cities, and as growing urban areas sprawl onto 
prime agricultural lands, conflict arise over how the land will be used. 

The loss of farmland to urban development is partly offset by bring- 
ing new cropland into production. About 1.3 million acres are brought 
into use each year in the U.S. by draining swamps, irrigating deserts, 
and clearing woodlands. However, this creates as many problems as it 
solves. Marshes and wetlands are vital aquatic environments, home to 
countless plants and animals that are found nowhere else. Irrigated 
desert lands often are subject to more serious erosion than prim( 
agricultural lands. Forests cleared for farm use mean fewer trees fof 
wood and fewer homes for wildlife. 

Conflicts over land use affect wildlife as well as people. The land and 
water needed for wildlife to survive are steadily shrinking. The U.S. 
Environmental Protection Agency has estimated that up to 2 million 
acres of land where wildlife can life will disappear each year between 
now and the year 2000. 

Besides forcing the use of wilderness and farmlands for urban and 
industrial purposes, our growing population has made it necessary also 
to dig into the earth in search of minerals and oil. Mining and drilling 
are not in themselves necessarily bad for the environment, and cer- 
tainly we need the minerals and fuels they produce. But some mining 
practices can lead to erosion and topsoil destruction, and oil spills and 
acid mine leaks can harm both soil and water. 

Land is being used more and more for the disposal of municipal and 
industrial wastes. One example of the harm that can result is the 
"Valley of the Drums" in Kentucky. About 17,000 drums littered a 7- 
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acre area near Louisville. Some 6,000 of them were full, and many 
were found to be oozing their toxic contents onto the ground. Other 
dangerous wastes were buried in drums and pits. In 1979, the Environ- 
mental Protection Agency analyzed the soil and water in the drainage 
* area and found 200 chemical and 30 metal pollutants. 

Another kind of land pollution, though perhaps not dangerous, serves 
to make our cities and rural areas much less attractive. Litter along the 
I sides of roads, trash dumped in vacant lots and gullies, automobiles 

abandoned along our highways — these are among the most common 
i kinds of land pollution. 

What can be done to solve these problems? Most states, recognizing 
| the danger of continuing losses of prime agricultural lands, are now 

seeking to protect rural areas. As of 1982, however, only a handful had 
adopted useful controls on development of rural areas for industrial 
use. 

To control erosion, many Americans farmers have changed from 
ordinary plowing methods to minimum tillage practices that can stop 
soil losses. Erosion has been estimated to cause an annual loss of 5'A 
billion tons of soil in this country, which is enough soil to cover the 





state of Iowa with a layer an inch thick each year. Modern conservation 
methods can keep soil erosion under control, and many farmers and 
ranchers are working to do so. 

An Alaska lands bill and a Coastal Management Improvement Act 
are example of action taken in recent years to preserve some lands as 
wilderness areas. The Alaska bill reserves 104.3 million acres of Alaska 
as public land. The Coastal Management Improvement Act sets aside 
S71 million to encourage states to protect their coastlines. Three new 
waterfowl refuges have been created in Mississippi, Louisiana, and Alabama, 
and a bill that permits up to $5 million a year to help states pay for 
certain wildlife conservation projects has been passed. 

Conservation of fuel supplies and a gradual growth in alternative 
energy sources such as solar energy and wind power are making us 
less dependent on fossil fuels. The development of clean energy sources will 
be an important step in keeping our environment healthy by reducing 
the use of petroleum products. 

New methods for disposing of hazardous wastes promise to bring that 
problem under control eventually as well. Some toxic wastes contain 
ingredients that can be recovered and reused. Many can be destroyed 

Urban Erosion 
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wastes is possible, if landfills are located, designed, and operated 
way that protects life and the environment 
Litter of course, is a form of land pollution that all of us can do 
something about. Scouts should always be careful to pack their ‘rash 
back out when they've been on a camping trip - take it home to a 
trash can, don't bury it or burn it at the campsite. Bottle brigades can 
be seen along roadways in many areas picking up glass bottles an 
aluminum cans for recycling. Many Clean City Commissions have been 
formed nationwide to clean up city streets and lots. This is an area 
everyone can, and should, be involved in. 


Air pollution 

About 95 percent of the earth's atmosphere is contained in a layer 
only 7 miles deep. That’s all the air we have, so its important that we 
use it wisely. 

Over the past few decades human activities have caused many changes in 
the earth's atmosphere. Tons of dust and ash have poured out of indus- 
trial smokestacks and the exhaust pipes of automobiles. Many of these 
tiny particles can cause moisture to condense around them. The smog 
and haze so common in large cities are caused by condensation of 
water on these small particles. 

As the population has grown and industry has moved out into the 
country, the sources of air pollution have become more widespread. 
An important part of man-made pollution is caused by burning coal 
and oil. As these fuels burn they form carbon dioxide and water— 
perfectly harmless, indeed valuable, substances. But burning often is 
incomplete and small drops of the unburned fuel rise as smoke. Tiny 
particles of carbon and ash are released. Depending on the type of 
fuel, different compounds form during burning. They include some 
organic compounds that are known to cause cancer and some mercury 
compounds that cause nerve damage. 

Some types of coal and oil contain sulfur, and produce sulfur dioxide 
w en burned. Sulfur dioxide is normally found in the atmosphere in 
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very small amounts. (It is one of the gases expelled in volcanic eruptions.) 
When this gas mixes with water vapor in the presence of sunlight, it 
forms sulfuric acid, a corrosive and irritating chemical. The acid can 
cause fabrics and paints to discolor and deteriorate, steel to corrode, 
and limestone and marble to dissolve. Priceless works of art, sculptures, and 
buildings in many cities have been severely damaged by this powerful 
acid. 

When people breath air containing sulfuric acid, their lungs become 
inflamed and less able to transmit oxygen. A combination of strong 
sulfur dioxide fumes with ash, carbon, and other tiny particles during 
the great London smog of 1952 caused thousands of deaths. Many of 
those not killed outright suffered lung damage that left them semiinvalid for 
the rest of their lives. 

Another cause of air pollution is ozone. Most of the ozone in the 
earth's atmosphere is high, near the edge of space, where it has an 
important function of filtering out the harmful portion of the suns rays. 
But when ozone comes into contact with living organisms it is poisonous. 
Automobile exhaust, power plants, and many industrial processes give 
off chemicals that may combine in the presence of sunlight to make 
ozone. Not everything is known about how ozone is formed near the 
earth's surface, but it is known that the greatest amounts of ozone 
seem to be present on hot summer days in the early afternoon. 

The amount of ozone to which people are exposed today reaches the 
danger level on many summer days, and these amounts seem to have 
been growing in recent years. Ozone can damage the leaves of tobacco 
plants, orange and lemon trees, cucumbers, onions, pine trees, and 
other sensitive plants. In people, tests conducted on humans who have 
accidently been exposed to high levels of ozone have revealed lung 
damage, along with chest pains, coughing, headaches, nausea, drowsiness, 
and an inability to concentrate. Studies also have shown that such air 
pollution may be linked to cancer. 

As a result of these and other studies, air-quality standards have been 
adopted in the United States, setting the maximum permissable levels 
of many kinds of air pollutants. Methods for removing particles and 
sulfur dioxide from factory emissions have been developed. The Clean 
Air Act of 1963 and its more recent provisions have helped to keep air 
pollution from getting any worse than it already is— there are more 
cars and industries every year but the air is not getting more polluted 
in most areas. 
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However, another threat is the growing amount of "acid rain" falling 
around the world. Rain washes polluting chemicals out of the air, an 
most major pollutants will dissolve in rainwater to create acids, u ur 
dioxide, nitrogen dioxide, and ozone when combined with water vapor 
in the presence of sunlight create powerful acids such as sulfuric aci , 
nitric add, and hydrogen peroxide. Acid rainfall over the Eastern Unite 
States has increased fiftyfold in the last 25 years. Even in such out-o 
the-way places as the South Pacific, western Alaska, and the Amazon 
Basin, acid rain has been collected. This rain is killing fish in lakes, 
damaging buildings, and threatening agricultural crops. 

Although much progress has been made in cleaning up the air, many 
industries are working to get air pollution laws relaxed because it is 
expensive to put “scrubbers” and other devices on smokestacks to 
clean up emissions, the Environmental Protection Agency has delayed 
putting exhaust standards for the automobile industry into effect, and 
has given Ohio’s utility companies more time to burn high sulfur coal 
without installing costly scrubbers. But for now, at least, the air quality 
in many cities is not getting any worse. The problem can be solved for 
good, however, only if we insist on — and are willing to pay for — 
cleanup programs. 


Chemical Pollution 

We have seen that modern industry and agriculture have been releas- 
ing large amounts of new or previously rare chemicals into the environment. 
The paths these chemicals take through ecosystems are largely unknown. 
Some may become a part of the natural cycles and be changed into 
harmless simpler substances. But many are so different from any natu- 
rally occurring substances that we do not yet know what their eventual 
fate or effects on the biosphere may be. We do know, however, that 
some of these by-products of industrial processes are harmful to life. 

The matter is made more complicated by the fact that a substance 
may not be harmful in the form in which it is released, but may be 
changed by natural biological or physical processes into some other 
much different substance. One example is the mercury pollution of 
water near some plastics factories several years ago. The mercury was 
first released in a nondissolving and nontoxic form that no one thought 
would hurt anything. When it settled to the bottom mud of the lake, 
however, tiny organisms changed it into a compound (methyl-mercury) 
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that could dissolve in water and accumulate in organisms. The poison 
was passed up through the food chain from smaller animals to larger 
ones and eventually caused severe mercury poisoning in humans and 
other top predators, which are predators at or near the top of long 
food chains. 

The harmful effect on top predators of mercury from plastics facto- 
ries and other sources is an example of biological magnification. If a 
persistent chemical (one which does not break down under natural 
biological and environmental conditions) is eaten and retained in the 
body rather than being excreted in wastes, then that chemical wi 
tend to become more and more concentrated as it is passed up t e 
food chain. The illustration on page 00 shows why this is so. 

Because humans are top predators, we have a special interest in 
food-chain poisoning of this type. Mercury poisoning has in the past 
caused the fish in many streams and lakes to be declared unsa e or 
human consumption. A New Mexico family was poisoned in 1 y 
eating pork from a pig that had been fed mercury-treated corn, n 
Indiana family, in 1976, drank milk contaminated with twice the amount 
that could be considered safe of dangerous chemicals known as s. 
The milk came from the family's cow, which had been grazing in a 
pasture fertilized with municipal sewage sludge. The sludge contained 
high levels of PCB’s from a local manufacturing plant. A federal law 
now bans production of these highly toxic chemicals. 


57 


Local 

Environmental 

Problems 


Would it surprise you to learn that you have done something already 
to help solve environmental problems in your community? As a Scout 
working and studying to earn the Environmental Science merit badge, 
you have become involved in environmental protection just by learning 
more about the environment and your place in it. You have found out 
what ecology is; you have studied the concepts of ecosystem, biosphere, 
plant succession, limiting factors, and carrying capacity; and you have 
seen how humans fit into the delicately balanced association within the 
environment. 

By learning these things, you have become more aware than many 
people in your community of the dangers to the environment. And you 
have taken the first step in removing these dangers by letting other 
people know about them. You prepared a written report on your study 
area, and you told your troop or patrol about the scientific experiments 
you conducted on specific elements of the environment. By sharing 
your knowledge with others, you have helped them to learn more 
about the environment, too. This sort of communication is the key to 
solving environmental problems. It does no good to know something 
important or useful if you keep the information to yourself. It must be 
communicated or passed along to others if anything positive is to come 
of it. 

There are many ways to communicate what you know about the 
environment to others, to get them thinking about the problems and 
doing something about them. Some of these ways you have used already: 
the written word (your essay or report), the spoken word (your oral 
report to your troop or patrol), and visual communication (drawings, 
photographs, or slides that you may have used to illustrate your reports). You 
can use these same means of communication to reach people in your 
community. 
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Before approaching others with your information, however, it's impor- 
tant that you relate what you know about the environment to the 
specific problems of your community, and come up with suggestions 
for solving those problems. This is going to take some thought and 
careful observation on your part. 

First, take a good look at your community in the light of the environ- 
mental hazards you have studied in earning this merit badge. Through 
the knowledge you have gained, you can determine if there is damage 
being done by pollution of land, water, or air in your community. In 
many cases, the sources of environmental pollution can be .traced as 
well as the effects. 

If you determine there is a problem, and you have an idea of its 
source or cause, what do you do next? Discuss the problem at your 
patrol and troop meetings. Get suggestions as to what can be done to 
educate the people of your community about these problems. Then 
take your information to the public, through talks before civic groups, 
posters in store windows, a slide-show in your school, a troop program 
to place trash containers at public gathering places, or a troop work 
campaign to pick up trash along a mile of road, for instance. 

Let's consider some specific problems you may discover. Are the 
streets of your town clean? If you live in the country, are the farm or 
county roads free of litter? If you detect a litter problem, one sugges- 
tion you could make as you point out this problem to others is that 
trash receptacles be placed at regular intervals to encourage people to 
dispose of their trash properly. 

If there is a river, stream, or lake near your home, is it a place that 
people enjoy? Does it have clear water and clean banks, with no gar- 
bage or trash scattered about? If not, you could suggest a community 
cleanup campaign to make the waterway a safer and more inviting 
recreational area. 

Does your community have a park with well-kept flowerbeds, shade 
trees, and grassy lawns where children can play and adults can gather 
to relax and visit? This could be another community project you might 
suggest. 

How about the air? If you live in or near a large city, there may be 
days when a pall of smoke and haze hangs in the sky One positive step 
people can take to help keep the air of their city clean is to drive less. 
You could suggest that your community start a carpooling program, 
with a telephone number people can call to locate others who want to 
share a ride to work, school, or shopping. 


59 


How have business and industry in your area responded to the need 
to keep the air and water clean? If you have evidence that a factory or 
local manufacturer is not doing enough to prevent pollution, you s on e 
the firm know what you think, and why. You should work with your 
patrol, your troop, and other troops in the community to correc any 
abuses you discover. Make a serious effort to get the community invo ve as 
well. If the people of your community and others will speak out agains 
abuses of the environment, industry will listen. 

Don’t try to do everything at once. Choose one area at a time where 
it appears some progress can be made, with the help and cooperation 
you can secure from your patrol, troop, or community. Perhaps you can 
start by involving your patrol or troop in cleaning up a vacant ot or 
public area, seeding it to grass, planting some flowers, and marking it 
with your troop number. The contrast between your clean spot an 
nearby cluttered yards or streets won’t be lost on the people of your 
communuity. From such small beginnings, communitywide cleanup cam- 
paigns have sprung. 

Once attention is called to a problem, there will be many people who 
will want to do something about it. You may be amazed at what 
happens in your community as a result of your efforts to tell people 
about environmental problems and secure their cooperation in solving 
them. Remember, the solution begins with people like you, people who 
are interested, willing to get involved, eager to learn, and ready to do 
their part to keep the environment clean and healthy. 


Careers 


Before deciding if you want to pursue a career in environmental 
protection, you should ask yourself three things. 

Do I really like science? You’ll have to be willing and ab '" 
hard to master all the knowledge you 11 need, not jus in and 

field you choose to enter, but also in such fields as ma ema 1 , ■ 

chemistry. The ecological and life sciences make use of the tools 
many scientific disciplines. 

Do 1 like the outdoors? Almost all careers -n e nvi r°nmental protec- 
tion are outdoor jobs. Many require spending time in su K stan tial 

office, but there are few careers in this field that dont requ re a subs anhal 
amount of time outdoors. Many require journeying into the wilderness, 
through swamps, thickets and forests, while fighting ram ^now^w nd 
and other natural elements that can cause much discomfort. Some jobs 
may require long trips away from home and fami y. 

Do I like people? The ability to get along with People is important 
because environmental scientists usually work as members of a earn. 
They work with other scientists and with engineers comp^rs^U 
economists, and government officials. They often deal with the publ^ 
as well, since most ecological careers have an educational asp . * 

widely recognized that each of us has a stake .nprotectingtheenwranmenh 
and those with special knowledge of the held are hequently cal ed 
upon to talk to fishermen, hunters, hikers, campers, and other 

"£S£l requirements for all professional capers i-™— 
tal protection are basically the same, a bac eor r 8 be 

1o taS - 

required as well. To nave a cnance iu . if nn ccjhle. 

challenging work, you should plan to get a • ■ 8 orestry an d 

Fortunately, in all the fields of environmental biology forestry, and 

the life sciences, there are jobs available so ^ an " 
money between your stays at school. During your undergraduate yea s 
at college, you may be able to find work as a summer intern for state 
and federal environmental control agencies. After you earn a 
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degree, you can work in the field for a year of two before returning to 
school for graduate work. The work you do in the field will give you 
valuable experience and make your studies more meaningful when 
you go back to the classroom later. 

After completing your formal education, you will be most likely to 
find employment with a federal, state, or local government agency. 
The Environmental Protection Agency, the Bureau of Land Management. 
National Park Service, Fish and Wildlife Service, Soil Conservation Service, 
and Forest Service are examples of federal agencies that employ many 
environmental specialists. 

Private companies employ fewer professionals in environmental sciences, 
but an increasing number of them are adding openings for such 
professionals. Oil, lumber, and mining companies and real estate and 
recreational area developers are examples of some types of companies 
that are concerned with the environment. Colleges, universities and 
research institutes also employ many environmental professsionals in 
teaching and research. 

Let's look at some of the types of work available to environmental 
specialists: 

Plants are a key part of the environment, and many professions are 
involved in improving and managing plants and plant communities. 
Better plants and vegetation for food, energy, watershed protection, 
wildlife habitat, recreation, beautification, and for purifying the air is 
the goal of all kinds of plant scientists. 

Agronomists study .plants and the soil to find ways to improve the 
quality and yield of crops. They help select land that should not be 
developed because it is of poor quality or may be subject to erosion if 
cultivated. They help develop new kinds of plants that can make the 
soil more productive, or plants that will be more resistant to disease, 
insects, and weeds. 

Botanists study all aspects of plant life. There are many specialized 
career opportunities within this field: plant taxonomists identify and 
classify plants; plant morphologists study the structure of plants; 
plant pathologists seek ways to control plant diseases, and plant ecol- 
ogists study the interrelationships between plants and the environment. 

Horticulturists work with orchard and garden plants, such as fruits, 
nuts, vegetables, flowers, and ornamental plants. They seek better methods 
of growing, harvesting, storing, and transporting horticultural crops. 
They may breed new kinds of plants and suggest ways to use plants 
and trees to help prevent soil erosion. 
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Landscape architects supervise the arrangement of outdoor areas 
for people to use and enjoy. Parks, highways, housing developments, 
campuses, and urban centers all may reflect the skill of these architects 
in designing pleasant landscapes that are environmentally sound. Landscape 
architects play an important role in protecting land, water, and air. For 
example, their use of trees in cities reduces air pollution; their land- 
scaping of reservoirs helps protect water supplies; their arrangement of 
campsites in national forests protects soil that might be eroded by the 
unwise location of such facilities. 

A variety of career opportunities are offered by the conservation 
professions as well. Here you'll find many of the traditional environ- 
mental protection jobs you’ve heard of. 

Range scientists, sometimes called range managers, range ecologists, or 
range conservationists, manage, improve, and protect the vegetation of 
our rangelands. Rangelands furnish grass and shrubs for grazing animals, 
habitats for wildlife, water from vast watersheds, recreation facilities, 
and valuable mineral and energy resources. They also serve as places 
for scientific study of the unaltered environment. 

Range managers help ranchers decide what animals to graze on 
their rangelands, the grazing system to use, and the best season for 
grazing. They also conserve the soil and vegetation for other uses such 
as wildlife habitat and outdoor recreation. They restore and improve 
rangelands through controlled burning, reseeding, pasture deferment, 
and control of undesirable plants. 

Foresters manage, develop, and protect our forests for use now and 
in the future. Forests are one of our greatest renewable natural resources. 
They provide trees for building materials, paper, chemicals, and fuel. 
Forests also help clean the air we breath, and protect our water sup- 
plies and wildlife. 

Foresters plan and supervise the growing and harvesting of trees, 
and work to protect trees from fire, harmful insects, and disease. Some 
foresters work in wildlife protection or watershed management, while 
others develop recreational areas, and still others are concerned with 
soil conservation and range improvement within forest lands. Some 
foresters are involved in forestry research, and may work in such fields 
as forest genetics, tree-breeding, or timber growth-rate studies. 

Soil scientists and conservationists study the characteristics and 
behavior of soils. They help farmers and other land managers develop 
ways to make the most productive use of soil without damaging it. If a 
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farmer is having an erosion problem, for example, a soil C ° n * ,i eve i 0 n 
ist will visit the farm, find the source of the problem and h^pdetadop 
a program to stop the erosion. If the erosion is cause y the 

on sloping fields, the conservationist may rec ° r ['J nen rlI iti V ation to 
land, constructing waterways, or changing the fie ro conserV a- 
permanent vegetation. If erosion results from t e win , [ eav i n o 

tionist may recommend growing hedges as win re . . und 

wheat or corn stalks in the field after harves ing differ- 

cover. From their research, soil scientists can de | e ™ ln ® -n perform 
ent soils will grow crops, grasses, and trees, and how they will perform 

as foundations for buildings and other structures. rnnserva- 

Marine and fisheries biologists are concerne wi ecreat j 0 nal 
.ion of our aquatic resources. They develop and maintain ^eatonal 

fishing in lakes, reservoirs, and coastal areas; they wor w here the 

ies to decide the kinds and numbers of fish to e ra ' se effects of 

fish will be released in stocking programs; they study the effects of 

pesticides and pollution on aquatic resources, is fishery spe- 

study fish diseases, food supplies, and reproduction Other f.shery^spe 
cialists are concerned with marine game fis es an d met h- 

genetics, identification of fish, pond management ™ ^ 

ods of fish population control. Fishery biologists a so may work on 

water-development projects, studying the influences tlw flood con 
irrigation, drainage, and hydroelectric power pro,ects will have on 

also are called wildlife « biology 
or managers, depending on what they do. Your Those 

of these titles, or you might be a zoologist or an ecolog.st. Those 
who work in this broad field investigate the We proce ses genehcs 
ecology behavior, diseases, nutrition, population changes, 
try of animal life in the wild. Wildlife resean cners au y 
habitat requirements, agricultural relations, harvesting eHecte 

of pollution, life histories, and other factors Obviously, a wide know! 
edge of ecology and many sciences is required. . 

Wildlife managers use all of this information to protect wild, e and 
their habitats. Usually they determine the needs o game ammals and 
birds and use a knowledge of their habits to supply tho* neetopn 
marily in areas such as state lands, wildlife refuges, or h™ p resenie. 
They direct the activities of workers ,n maintaining tiabrtatt i an 1 con 
ducting game surveys and exercising some predator controls whe 
needed. They determine from surveys how many animals may 
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in order to eliminate imbalances in the population and keep the num- 
bers of animals within the land's carrying capacity. They enforce fish 
and game laws. Some wildlife managers may be involved in breeding 
programs to build up the numbers of certain endangered species of 
wildlife. 

There are several scientific disciplines, classed as life sciences, that 
are related to environmental protection. In general, life scientists study 
living organisms: their structure, development, behavior, and life processes. 
They explore the relationships between plants, animals, and their 
environments. Their research helps to develop better ways of protect- 
ing the environment. 

Biochemists study the chemistry of life. Their findings have shown 
that all living things are basically alike in their chemical makeup and 
function, no matter where they are placed in the plant or animal 
kingdoms. Biochemists direct much of their work toward finding out 
how organisms of all types respond to chemical pollutants in the air, 
water and soil. 

Entomologists, who study insects and their relationships to plants 
and other animals, are involved in efforts to protect the environment 
from harmful pesticides. Biological control methods offer new ways to 
deal with insect pests by using natural chemicals produced by the 
insects themselves, bacteria or other insects that parasitize the pests, 
or insects or other animals that prey on the pests. These natural con- 
trol methods may eventually mean we can stop using harmful chemi- 
cals altogether. 

Geneticists explore the origins and development of hereditary 
characteristics. They study the long-range effects of pollutants to deter- 
mine how water and air pollution may affect future generations. They 
work with many other specialists to produce plants and animals better 
suited to a particular environment. 

Microbiologists study the growth, structure, and general character- 
istics of bacteria, viruses, and molds. An example of the contributions 
they have made to environmental protection work is the use of a 
special bacteria to “eat" oil slicks and hazardous substances. 

Other career opportunities in environmental protection may be found 
in the sciences that deal with the physical world and the characteris- 
tics of the earth’s land, atmosphere, and water. 

Oceanographers study the movements, physical properties, and plant 
and animal life of the oceans. They are concerned with the density and 
temperature of seawater, the movement of pollutants in the oceans, the 
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rocks and sediments of the ocean floor and the effects of pollutants 
that accumulate there, the chemical composition of seawater, and other 
factors relating to the world’s oceans. 

Chemists often work directly to protect the environment by study- 
ing and analyzing chemical pollutants in air and water. They he p to 
develop new devices to clean up the fumes that pour from factory 
smokestacks and automobile exhausts, and the water that comes from 
factories and sewage plants, for example. 

Geologists, physicists, geophysicists, and meteorologists work 
in related fields in which contributions to environmental protection 
may be made as well. Interested Scouts can find more information 
about these specialized professions in their local library. 

Environmental engineering is another career possibility that those 
interested in environmental protection may wish to explore. Engineer 
ing is a practical, problem-solving profession that involves figuring out 
the best way to do something. Environmental engineering takes this 
idea one step further, it involves figuring out the best way to get a job 
done without damaging or polluting the environment in the process. 
These engineers work with geologists, biologists, architects, urban planners, 
and other specialists. Their role often is to put together in a practical 
way the contributions of everyone else on the team into an environ- 
mentally sound package. 

So far you've been introduced to a range of professional careers 
involved in environmental protection. These professions require at least a 
college degree, and to advance to the top you’ll need one or more 
graduate degrees as well. If you decide not to seek a college degree, 
however, there are jobs for technicians and aides available to those 
with some specialized training. Technical institutes, junior and commu- 
nity colleges, technical-vocational high schools, and the extension divi- 
sions of some colleges and universities offer the training you need. 
You can also qualify for many jobs by completing on-the-job training, 
or through work experience. 

What are some of the jobs this type of training will qualify you for 
Chemical technicians often work for companies making equipmen 
to analyze pollution, for example. Such a technician might be sent into 
the field to show scientists and engineers how to use the equipment, or 
he or she might work with a scientific team carrying out researc 

using the equipment. . 

Instrument technicians work with many kinds of instruments tha 
are used to study the atmosphere and rivers, lakes, and oceans, an 
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which allow scientists to track down pollution. Technicians play an 
important role in the development and production of such instruments. 

Forestry aides are employed by the U.S. Forest Service states, and 
many private companies to work in fire control, fire prevention, range 
management, forest engineering, and surveying. Forestry aides assist 
professional foresters in a variety of tasks such as marking trees for 
cutting, and collecting information from steam-flow recorders and other 
instruments. 

Forestry technicians take over from professional foresters in such 
responsible jobs as timber sales, recreational development, or research 
activities. Such technicians collect and analyze information about forests, 
work with the public, supervise constructon crews, and perform other 
important functions. 

Range or soil conservation aides work with soil conservationists 
to help develop such things as erosion-control and irrigation systems. 
They might participate in planting trees or other vegetation to help 
control erosion, for instance. 


Fishery aides work at hatcheries, go on stocking trips, and assist in 
tagging fish for study, among other duties. They may work on research 
projects, for example, and help with the recordkeeping involved in 
such projects. 


Game management agents or conservation officers enforce laws 
and regulations that protect fish and wildlife. They may be required to 
investigate criminal violations of the law, help prepare the court case, 
and appear in court as a witness. They also may be involved in such 
work as migratory bird banding studies, or giving out information on 
fish and wildlife conservation to interested people. 

Additional environmental science opportunties exist in the health 
field. Environmental health inspectors ensure that food, water, and 
air meet government standards. They check the cleanliness and safety 
of food and beverages served in restaurants, hospitals, and other institutions. 
They oversee the treatment and disposal of sewage, refuse, and garbage. 
They examine places where pollution is a danger, test for pollutants, 
and collect air or water samples for analysis. They determine the nature 
and cause of the pollution and take action to stop it. 

Environmental analysts conduct research and develop ways to con- 
trol pollution problems. They identify and analyze sources of pollution 
to determine their effects. They may use pollution emission measurements, 
atmospheric monitoring, weather information, soil or water samples, or 
other sources of information in their studies. After determining the 
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sources of pollution, they set standards and develop ways to control 
pollution problems. Environmental analysts may specialize as air pollu- 
tion analysts, soils analysts, or water quality analysts. 

As these examples show, there is an almost unlimited variety of 
career opportunities for those interested in environmental protection. 
If a career in this field appeals to you, you can start now to prepare for 
it by taking all the math and science courses you are able to in your 
school. But don’t neglect the liberal arts! It is strongly recommended 
that you also take advantage of social sciences courses that will broaden 
your knowledge and understanding of people in our society, as well as 
courses in English literature, composition, and public speaking that will 
improve your ability to write and speak well. The key to success in 
your chosen field of work, in addition to good technical and scientific 
training, will depend upon how well you learn to express yourself to 
others. All the knowledge in the world is of little value if one is unable 
to communicate it to others.* 


* Occupational Outlook Handbook, U.S. Department of Labor, Bureau 
of Labor Statistics. (Parts of the preceding discussion were adapted 
from the 1982-83 edition of the handbook.) 
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Additional Sources 
of Career 
Information 


American Forestry Association 
1319 18th Street NW 
Washington, DC 20036 

American Institute of Biological 
Sciences 

1401 Wilson Boulevard 
Arlington, VA 22209 

American Public Health Association 
1015 15th Street NW 
Washington, DC 20005 

American Society for Horticulture 
Science 

701 N. Saint Asaph Street 
Alexandria, VA 22314 

Botanical Society of America 
School of Biologial Sciences 
University of Kentucky 
Lexington, KY 40506 

Bureau of Land Management 
Denver Service Center 
Federal Center Building 50 
Denver, CO 80225 

Izaak Walton League of 
America, Inc. 

1800 N. Kent Street, Suite 806 
Arlington, VA 22209 

National Wildlife Federation 
1412 16th Street NW 
Washington, DC 20036 


Society for Range Management 
2760 W. 5th Avenue 
Denver, CO 80204 

Society of American Foresters 
5400 Grosvenor Lane 
Bethesda, MD 20814 

U.S. Department of Agriculture 
Forest Service 
P.O. Box 2417 
Washington, DC 20013 

U.S. Department of Agriculture 
Information Office 
Washington, DC 20250 
(202) 447-2791 

U.S. Department of Agriculture 
Soil Conservation Service 
P.O. Box 2890 
Washington, DC 20013 

U.S. Department of Commerce 
National Oceanic and Atmospheric 
Administration 
6010 Executive Boulevard 
Rockville, MD 20852 

U.S. Department of the Interior 
Fish and Wildlife Service 
Washington, DC 20240 

U.S. Environmental Protection 
Agency 

401 M Street SW 
Washington, DC 20460 
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Books About 

Environmental 

Science 


Recommended by the American 
Library Association's Advisory 
Committee to Scouting. 

Adler, Irving. The Environment. 
Day, 1976. 

An introduction for younger 
readers. 

Berger, Melvin. Jobs That Save 
Our Environment, Lothrop, 
1973. 

Cowing, Sheila. Our Wild Wetlands. 
Messner, 1980. 

Farb, Peter. Ecology Time-Life 
(Life Nature Library), 1970. 

A survey, beautifully illus- 
trated with photographs and 
drawings. 

It's Your Environment: Things to 
Think About — Things to Do. 
Environmental Action Coali- 
tion, Scribner, 1976. 

Kormondy, Edward J. Concepts of 
Ecology. Prentice-Hall, 1976. 
Technical information pre- 
sented on an advanced level. 

McClung, Robert M. America's En- 
dangered Birds: Programs and 
People Working to Save Them. 
Morrow, 1979. 


McClung, Robert M. Lost Wild 
America: The Story of Our Ex- 
tinct and Vanishing Wildlife. 
Morrow, 1969 

Moore, Ruth. Man in the Environ- 
ment. Knopf, 1975. 

Less technical than the other 
texts listed, an examination 
of man's role in relation to 
nature. 

Pringle, Laurence. The Hidden 
World: Life Under a Rock. Mac- 
millan, 1977. 

A careful description of these 
small ecosystems by one of 
the best authors in the field. 

Pringle, Laurence. What Shall 
We Do with the Land? Choices 
for America. Crowell, 1981. 
Surveys the crucial choices 
regarding the use of farm- 
lands, rangelands, forests, sea- 
coasts, deserts, etc. 

Ricciuti, Edward R. Plants in 
Danger. Harper, 1979. 

Simon, Seymour. Science Projects 
in Ecology. Holiday House, 
1972. 
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Southwick, Charles H. Ecology 
and the Quality of Our Environ- 
ment. Van Nostrand, 1972. 

Basic principles: a college 
text. 

Trost, Lucille Wood. Lives and 
Deaths of a Meadow. Putnam, 
1973. 

Wagner, Richard H. Environment 
and Man. Norton, 1974. 

A text with emphasis on en- 
ergy, pollution, and preserva- 
tion. 


Watson, Jane Werner. Deserts of the 
World: Future Threat or Pro- 
mise? Philomel, 1981. 
Characteristics, causes, and 
uses of deserts. 
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MERIT BADGE LIBRARY 

Though intended as an aid to Boy Scouts and Explorers in meeting merit badge 
requirements, these pamphlets are of general interest and are made available by 
many schools and public libraries. The latest revision dateof each, which may not 
necessarily correspond to the copyright date of the pamphlet, is shown below 
(corrected to January 1, 1982). 


Number &Year 

3325 American Business 1975 

3388 American Cultures 1980 

3398 American Heritage 1976 

3395 Animal Science 1975 

3381 Archery 1978 

3321 Architecture 1966 

3320 Art 1968 

3303 Astronomy 1971 

3324 Athletics 1964 

3275 Atomic Energy 1965 

3293 Aviation 1968 

3313 Basketry 1968 

3362 Beekeeping 1975 

3282 Bird Study 1967 

3378 Bookbinding 1969 

3379 Botany 1964 

Bugling (see Music) 

3256 Camping 1966 

3308 Canoeing 1981 

3367 Chemistry 1973 

3253 Citizenship in the 

Community 1972 

3252 Citizenship in the 

Nation 1972 

3254 Citizenship in the 

World 1972 

3390 Coin Collecting 1975 

3258 Communications 1976 

3338 Computers 1973 

3387 Consumer Buying 1975 

3257 Cooking 1967 

3277 Cycling 1971 

3394 Dentistry 1975 

3289 Dog Care 1972 

3273 Drafting 1965 

3206 Electricity 1974 

3279 Electronics 1977 

3366 Emergency 

Preparedness 1974 

3335 Energy 1978 

3376 Engineering 1978 

3363 Environmental 

Science 1972 


Number ©Year 

3346 Farm Mechanics 1958 

3348 Farm and Ranch 

Management 1980 

3287 Fingerprinting 1964 

3317 Firemanship 1968 

3276 First Aid 1981 

3307 Fish and Wildlife 

Management 1972 

3295 Fishing 1974 

3399 Food System 1978 

3302 Forestry 1971 

3240 Gardening 1981 

3383 Genealogy 1973 

3332 General Science 1972 

3284 Geology 1953 

3397 Golf 1977 

3370 Handicapped 

Awareness 1981 

3380 Hiking 1962 

3329 Home Repairs 1961 

3298 Horsemanship 1974 

3358 Indian Lore 1959 

3353 Insect Life 1973 

3350 Journalism 1976 

3355 Landscape 

Architecture 1969 

3389 Law 1975 

3310 Leatherwork 1970 

3278 Lifesaving 1980 

3337 Machinery 1962 

3271 Mammals 1972 

3339 Masonry 1980 

3269 Metals Engineering 1972 

3312 Metalwork 1969 

3280 Model Design and 

Building 1964 

3294 Motorboating 1962 

3336 Music and Bugling 1968 

3285 Nature 1973 

3306 Oceanography 1965 

3385 Orienteering 1974 

3372 Painting 1973 

3286 Personal Fitness 1971 

3270 Personal 

Management 1972 

3281 Pets 1969 


Number ©Year 

3334 Photography 1971 

3382 Pioneering 1974 

3396 Plant Science 1975 

3386 Plumbing 1965 

3314 Pottery 1969 

3377 Printing 1965 

3251 Public Health 1969 

3373 Public Speaking 1969 

3343 Pulp and Paper 1974 

3375 Rabbit Raising 1974 

3333 Radio 1965 

3292 Railroading 1973 

3393 Reading 1974 

3342 Reptile Study 1972 

3311 Rifle and Shotgun 

Shooting 1967 

3392 Rowing 1981 

3347 Safety 1971 

3351 Salesmanship 1971 

3384 Scholarship 1970 

3322 Sculpture 1969 

3364 Skiing 1980 

3237 Signaling 1974 

3250 Skating 1973 

3319 Small-Boat Sailing 1965 

3291 Soil and Water 

Conservation 1968 

3354 Space Exploration 1976 

3255 Sports 1972 

3359 Stamp Collecting 1974 

3327 Surveying 1960 

3299 Swimming 1980 

3344 Textile 1972 

3328 Theater 1968 

3391 Traffic Safety 1975 

3371 Truck 

Transportation 1973 

3261 Veterinary Science 1973 

3357 Water Skiing 1969 

3274 Weather 1963 

3265 Wilderness Survival 1974 

3315 Wood Carving 1966 

3316 Woodwork 1970 


Merit badge pamphlets are also available in library-bound editions. For complete 
information write the Supply Division. 


BOY SCOUTS OF AMERICA • SUPPLY DIVISION 

MIDWESTERN DISTRIBUTION CENTER 

1930 N. Mannheim Road 
Melrose Park, IL 60160 

WESTERN DISTRIBUTION CENTER EASTERN DISTRIBUTION CENTER 

120 San Gabriel Drive 2109 Westinghouse Boulevard 

P.O.Box 556 P.O.Box 7143 

Sunnyvale, CA 94086 Charlotte, NC 28217 

Dallas Scout Shop— 1008 Valley View Center 
New England Scout Shop— Highland Plaza, Needham Heights, Mass. 
Chicago Scout Shop— 128-30 South Franklin Street 
New York Scout Shop— 308 Fifth Avenue 
Plymouth Meeting Scout Shop— Plymouth Meeting Mall, Plymouth Meeting, Pa. 
San Francisco Scout Shop— 731 Market Street 


ADVANCE IN SCOUTING . . . 
EARN MERIT BADGES 
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Boys’ Life is published monthly to help you learn 
more about your program and the world around 
you and advance in Scouting. 

Regular features and special articles give you 
help in the merit badge subjects. As you begin to 
earn a merit badge, check Boys’ Life for ideas. 

You'll find that the latest pamphlets are reviewed 
regularly in the book section. Keep up-to-date on 
your merit badges and Scouting skills by 
subscribing to Boys' Life, available to Scouts at 
half price through their troop. 
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